Abstract This work is focussed on the numerical modeling of mixed convection heat transfer effects in a lid-driven cavity filled with a copper-water nanofluid. A heated wall mounted block with constant heat flux is attached along the vertical wall. The left vertical wall is maintained at higher temperature compared to the right vertical wall and the other (top and bottom) walls are insulated. A finite volume based numerical approach with QUICK scheme is used for the solution of nonlinear governing equations. A computational visualization technique is used to represent the two dimensional results of streamlines, isotherms, average Nusselt number and bulk-average temperature for a wide range of physical parameters, namely Reynolds number, Rayleigh number and solid volume fraction. The effective fluid flow and heat transfer variation are analyzed by placing the heated mounted block first along the left vertical wall (Case-I) and then along the right vertical wall (Case-II) to test the maximum heat transfer effects. The changes in main characteristics of the flow due to variation of Reynolds number and Rayleigh number are elaborated. The effect of various flow parameters on the thermal conductivity behavior for both cases is discussed based on average Nusselt number and bulk-average temperature and found that Case-I shows higher heat transfer rate compared to Case-II, for higher Re; Ra and /. 
Introduction
In recent years, nanofluids have attracted enormous interests from researchers due to their large scale applications in industry, power plants and reactors for cooling processes. Normally fluids such as water, propylene glycol or ethylene glycol are used for cooling process but these compounds possess very low thermal conductivity. The term nanofluid refers to the fluid in which nanoscale particles are suspended in the base fluid to utilize their suspension stability effectively [1] . Metallic nanoparticles with high thermal conductivity lead to remarkable increase in effective thermal conductivity of these types of fluids. However, the increase in the thermal conductivity depends on shape and size of the solid nanoscale particles. The scalar transport properties can also be enhanced considerably by adding these particles to liquid flow. The dependence of thermophysical properties in nanoparticles-fluid mixture is estimated by Xie et al. [2] . They found that nanoparticle fluid mixtures containing nano-sized particles have high thermal conductivity compared to the same liquid without nanoparticles. Keblinski et al. [3] worked on the possible mechanisms of enhancing thermal conductivity and suggested that the size effect, the surface absorption and clustering of nanoparticles could be the major reasons for heat transfer enhancement. The model developed by Maxwell [4] has shown that effective thermal conductivity of suspensions containing spherical particles can be increased by increasing the solid volume fraction of the nanoparticles. The proposed model also depicted the dependence of thermal conductivity of nanofluid on the solid volume fraction ratio which is applicable to only micro sized particles with low dense mixtures. Consequently, Maxwell's model is improved by the number of authors, e.g. Kumar et al. [5] , Patel et al. [6] , Yu and Choi [7] and Prasher et al. [8] by varying the particle size, solid volume fraction ratio and temperature to find the higher thermal conductivity.
In the natural convection process, it is found that dynamic viscosity plays a vital role for heat transfer enhancement of the nanofluid. Xu et al. [9] proposed a model for calculation of the thermal conductivity of nanofluids, due to Brownian motion of nanoparticles in the base fluid depending upon average size of nanoparticles, temperature, fractal dimensions and concentration of nanofluids. Sheremet and Pop [10] studied a steady natural convection in a square porous enclosure filled with nanofluid by using Buongiorno's model. Two vertical side walls are used as heat source for the convection heat transfer and Darcy's law for the flow in the porous medium and the Boussinesq approximation for the buoyancy effects. It is observed that high thermophoresis parameter, low Brownian motion parameter, low Lewis and Rayleigh numbers and high thermal conductivity ratio reflect essential non-homogeneous distribution of the nanoparticles inside the porous cavity.
Eastman et al. [11] experimentally observed that thermal conductivity can be increased up to 60% by using a nanofluid consisting of water and 5% CuO nanoparticles. Khanafer et al. [12] conducted a numerical study of natural convection utilizing copper-water nanofluid in a two-dimensional enclosure. They found that for any Grashof number, heat transfer in the enclosure is increased by changing the volume fraction of copper nanoparticles in water. Lee et al. [1] experimentally observed that thermal conductivity of nanofluids increases with the increase in solid volume fraction by considering both Al 2 O 3 -water and CuO-water mixture. Ho et al. [13] numerically investigated the effects of uncertainties due to adopting various formulae for the effective thermal conductivity and dynamic viscosity of the Al 2 O 3 -water nanofluid in a vertical square enclosure. It is also found that by adding nanoparticles in pure water improves its cooling performance at low Rayleigh numbers. Mixed convection flow in lid-driven cavity with a horizontal sliding wall is a subject of interest for many years since this phenomenon often affects the thermal performance of the system. Khanafer et al. [12] investigated the problem of buoyancy-driven heat transfer enhancement of nanofluids in a two-dimensional enclosure by a natural convection process where the vertical walls are maintained at high and low temperature and other walls are insulated, nonconducting and impermeable to mass transfer. Heat transfer performance is discussed based on the buoyancy effects, solid particle dispersion and various flow controlling parameters. Hwang et al. [14] carried out a theoretical investigation of the thermal characteristics of natural convection of an alumina-based nanofluid in a rectangular cavity heated from below using Jang and Choi's model [15] by predicting the effective thermal conductivity of nanofluids. Tiwari and Das [16] investigated numerically heat transfer augmentation in a liddriven cavity filled with a nanofluid and found that the presence of nanoparticles in base fluid is capable of increasing the heat transfer capacity. Sheremet et al. [17] also used the model suggested by Tiwari and Das and discussed the natural convection heat transfer in a porous enclosure utilizing nanofluid in conditions of thermal stratification. They have tried to find the effects of Rayleigh number, thermal stratification parameter, porosity of the porous medium, solid volume fraction parameter of nanoparticles, and the solid volume fraction [19] . They reported about the heat transfer enhancement due to nanoparticles volume fraction for moderate and large Richardson numbers. According to Nasrin et al. [20] Richardson number plays a vital role on the heat transfer characterization. The technique for improving thermal conductivity by using nanofluids in place of traditional fluids such as water has been extensively used nowadays. The most usage of mixed convection flow with lid-driven effect is to include the electronic cooling, MEMS applications, food processing, nuclear reactors, drying technologies and lubrication technologies [21, 22] . Despite a good number of theoretical and experimental works on nanofluid based on buoyancy driven natural or mixed convection process heated from side or bottom wall are analyzed in the literature, still there are several information lacking regarding the heat transfer enhancement in enclosures. To the best of our knowledge, the problem of mixed convection cavity due to buoyancy driven flow with a localized heat source along the vertical walls in enclosures is not reported in the literature. The problem is of significance in a number of electronic cooling equipped with nanofluids.
The present work focusses on the effective heat transfer and its variation due to the localized heat source embedded along the left and right vertical walls of the lid driven cavity filled with copper-water nanofluid since Khorasanizadeh et al. [23] found that the maximum heat conductivity can be found by differentially heated walls. Effective thermal conductivity mapping is analyzed for a wide range of pertinent parameters, such as Reynolds number, Rayleigh number and solid volume fraction.
Problem definition and mathematical formulation

Physical configuration
In the present study a two dimensional enclosure of height 'H' and width 'W' filled with a suspension of copper nanoparticles in water is considered. The top and bottom walls are assumed to be nonconducting, insulated and impermeable to solute. The left vertical wall is kept at high temperature (T H ) and right vertical wall is maintained with low temperature (T C ). The copper nanoparticles are assumed to be of uniform shape and size and diameter is equal to be 100 nm. A heat source with constant heat flux of length W=2 is attached along the vertical wall. Case-I is for the heat source placed along the left vertical wall above the height H=2 ( Fig. 1(a) ), and Case-II is for the heat source placed along the right vertical wall above the height H=2 (Fig. 1(b) ). The copper-water nanofluid is assumed to be Newtonian, incompressible and laminar. It is assumed that the fluid phase and nanoparticles both are in thermal equilibrium state and have same velocity with no slip condition. The thermophysical properties of the nanofluid are assumed to be constant except for the density variation which is determined using Boussinesq approximation [24] 
where q f 0 is the density of undisturbed fluid, T C is the uniform temperature of the fluid at rest. The volumetric coefficient of thermal expansion is
The thermophysical properties of water and copper at the reference temperature are presented in Table 1 .
The two dimensional governing Navier-Stokes equations along with heat transfer equation in stream function-vorticity formulation in dimensional form with Boussinesq-fluid assumption are given by. 
Vorticity equation:
Energy equation:
where a nf ¼ k nf =ðqC p Þ nf is the thermal diffusivity. The effective density of nanofluid at the reference temperature can be defined as
where q nf ; q f ; q p and / are the density of nanofluid, density of base fluid, density of nanoparticle and volume fraction of the nanoparticles, respectively. The heat capacitance of nanofluid can be written as
The effective thermal conductivity of the nanofluid is approximated by the Maxwell self-consistent approximation model. For the two-component entity of spherical-particle suspension, the Maxwell model [4] gives
The effective viscosity of nanofluid is given by Brinkmann [25] as follows,
The initial and boundary conditions are given by
At the heat source surface;
The above mentioned equations can be expressed in nondimensional form by incorporating the following dimensionless variables,
The governing equations in dimensionless form by considering the above mentioned assumptions can be rewritten as,
The initial conditions for t ¼ 0 are given by,
and for t > 0,
Along the heat source surface, we have considered nondimensional heat transfer values as, h ¼ 1.
It can be seen from the equations that the flow and heat transfer are characterized by three dimensionless parameters (i) Rayleigh number (Ra), (ii) Reynolds number (Re) and (iii) Prandtl number (Pr) and are given by
In order to calculate the heat transfer enhancement, we have calculated Nu (Nusselt number) and Nu m (average Nusselt number) along the heated surface as,
The bulk average temperature defined by Singh and Sharif [26] as,
where V is the enclosure volume. 
Numerical method
In order to obtain the numerical solution of the governing fluid flow equations together with the specified boundary conditions a control volume approach is opted [27] . The numerical solutions in this paper are obtained by choosing uniform grid system for computation. The algebraic finite volume equations for vorticity and energy are solved using alternate direction implicit (ADI) scheme. When flow is dominated by convection effects then the numerical instability is achieved for higher Reynolds number. To overcome such instability a third order accurate (QUICK) scheme is employed to discretize the convective terms [28] . The implicit scheme is used for time steps. In order to linearize the nonlinear system of partial differential equations, a quasi-linearization approximation has been employed.
At every time step, we approximate the nonlinear term as
with n P 0, is the iteration index. The convective terms are discretized by third-order accurate upwind difference scheme given by
for u ij positive and,
for u ij negative. The truncation error of this scheme is given by
The expression for x, near the wall is obtained by a second order central difference scheme as,
The diffusion terms are discretized through a second-order accurate central-difference scheme, which is conducive to a stable solution as,
The vorticity boundary on the solid boundary is unknown which can be evaluated by using the Poisson Eq. (13) along the boundary. The boundary condition of wall vorticity on the lower flat surface is given by
In a similar manner, boundary conditions for x are obtained on the other walls. We consider the grids (x i ; y j ),
where i and j are grid index in the x and y directions respectively. M and N are the number of grid points along x and y directions respectively. The increment along x axis is dx and along y axis is dy. The value of w and x at (i, j) cell is denoted by w ij and x ij respectively. An implicit calculation of the momentum and energy equations is performed. The discretization of the governing vorticity and heat transfer equations in horizontal direction results in a system of algebraic equations of the form
where U denotes x and h and the coefficients for different cases are given by,
and on the boundary the coefficients are slightly different as the convective terms are discretized by using central difference scheme. The coefficients are given by,
The vertical direction scheme is developed in the similar fashion.
The second order Poisson equation for the stream function Eq. (13), is discretized through a upwind spatial difference scheme.
The resulting algebraic equations are solved using the successive over relaxation (SOR) method. SOR method is used due to the nonlinear nature of governing equations. The convergence criterion used for the calculation of temperature, vorticity and stream function is defined by the expression, (c) Figure 2 Comparison of the present results of (a) u-velocity with Farhad et al. [21] , (b) v-velocity with Muthtamilselvan et al. [29] and (c) time step independence test at Re ¼ 100 and Ra ¼ 10 5 for plain fluid.
state, and this steady state is independent of the initial conditions prescribed. To test the accuracy of our numerical algorithm, a two dimensional lid driven cavity filled with copper-water nanofluid is considered. For this structure nondimensional governing equation involves Reynolds, Rayleigh and Prandtl number. The grid independence tests are performed by varying the grid sizes between 61 Â 61 and 121 Â 121. Fig. 2 (a) and (b) represent the grid size effect on the horizontal and transverse velocity. Fig. 2(a) represents u-velocity profile for Re ¼ 10; Ra ¼ 1:47 Â 10 4 with / ¼ 3%. We found that the solution changes by halving the grid size occurring on the third decimal place. Fig. 2(b) represents v-velocity profile for Ri ¼ 1; Ra ¼ 100 with / ¼ 2%. The comparison of our result with that of Muthtamilselvan et al. [29] is found to be optimum for 81 Â 81 grid size. A comparison of our results for streamlines with the result due to Amir et al. [30] is presented in Fig. 3(a) and (b) with Ra ¼ 10 3 ; Re ¼ 10 and / ¼ 0%. Amir et al. considered the natural convection in a square cavity filled with nanofluid where a horizontal heat source is mounted along the left wall. It is found that the present numerical result is validated with their result up to 98%.
In Fig. 4(a) we present a comparison of our result for average Nusselt number of nanofluid within a vertical square enclosure with the experimental result due to Ho et al. [31] . In their experimental observation nanofluid has been formulated by mixing water with various volumetric fractions of alumina (Al 2 O 3 ) nanoparticles ranging from 0.1 vol% to 4 vol%. The square enclosure is differentially heated across two vertical walls, while the remaining walls are thermally insulated. In the present comparison, we have considered the particle fraction as 1%, and Ra is varied as 6 Â 10 5 6 Ra 6 3:37 Â 10 6 . The results obtained by Ho et al. [31] are in excellent agreement with our results. Fig. 4(b) represents the comparison of the present result for some special cases with the results due to Davis [32] , Manzari [33] , Wan et al. [34] , Muthtamilselvan et al. [29] , for a clear fluid case with the variation of Rayleigh numbers between 10 3 6 Ra 6 10 6 with Pr ¼ 1. It can be observed that the computational code is in good agreement with the benchmark results. Further, the code is validated against the result of heat transfer enhancement in a lid driven enclosure filled with copper-water nanofluid (Fig. 4(c) ). The results have been presented for variation of average Nusselt number due to the uniformly heated wall where the parameters are considered as Pr ¼ 6:2; Ri ¼ 1; Re ¼ 100 and aspect ratio = 1 with the variation of solid volume fraction 0 6 / 6 0:08. Fig. 4(c) shows the average Nusselt number comparison with Muthtamilselvan el al. [29] , which seems to be in good agreement with the present solution.
Results and discussion
In the present study pertaining to Cu-water nanofluid the numerical computations are performed for 10 6 Re 6 100, 10 3 6 Ra 6 10 5 and 0 6 / 6 5% and throughout the study Prandtl number Pr ¼ 6:2 is fixed. The mathematical formulation shows that the heat transfer process is mostly affected by the wall mounted heat source on the left and right vertical wall independently. The flow is governed by two mechanisms: (i) shear force due to sliding top lid and (ii) Buoyancy force due to vertical temperature gradient from left wall.
The first phase of the work deals with the heated block on the left hot wall (Case I). A big recirculation zone is formed throughout the cavity. In Fig. 5(i) for Ra ¼ 10 3 , it is found that a small recirculating eddy is formed along the upper region of the cavity. The volume fraction is varied from 0% to 5%. The combined effect of weak buoyancy and shear force leads to a weak force. With increase in Rayleigh number, the position of the center of vortex moves toward right vertical wall as depicted in Fig. 5  (i) . The presence of nanoparticles in the water increases the intensity of the flow combined with the buoyancy and shear force. As the volume fraction value increases, the vortex move downward. Fig. 5 (ii) represents the effective thermal conductivity for small Reynolds number ðRe ¼ 10Þ with different Ra and / values. For low Rað10
3 Þ values, it is observed that isotherms remain uniform in most part of cavity which signifies that heat transfer conductivity dominates. As Ra increases, the convective heat transfer effect increases and hence variation of temperature lying within the core of the cavity increases. At Ra ¼ 10 5 , it is found that the isotherms are almost parallel to the horizontal wall at the lower section of the cavity. From Fig. 5(ii)(g-i) , it is observed that cold fluid is coming down along the vertical wall, touching the lower part of the heat source and then tries to get connect to the heated wall. It signifies that the temperature of the heated surface and adjacent fluid of the heat source is higher than other walls. It is also clear from the figure that the value of isotherms increases with increase in solid volume fraction ratio as well as Rayleigh number and reaches its maximum value i.e., 0.9764 for Ra ¼ 10 5 and / ¼ 5%.
The
3 Þ the flow is dominated by buoyancy effects and the impact of shear mechanism generated by the moving top lid penetrates to a small distance toward the interior region of the cavity forming a primary eddy. (ii) Figure 6 Solid volume fraction and Rayleigh number effects for Re = 50 (Case-I) (i) streamline and (ii) isotherms. (ii) Figure 7 Solid volume fraction and Rayleigh number effects for Re = 100 (Case-I) (i) streamline and (ii) isotherms.
force they are less effective; hence, the isotherms are perpendicular to horizontal axis. As Ra increases, the convective heat transfer increases and hence variation of temperature lying within the core of the cavity also increases because of which the shear force dominates and hence most of the isotherms become parallel to horizontal axis.
For the second case, we have kept the mounted heat source along the right wall. Fig. 8(i) represents the streamlines for Re ¼ 10 with 10 3 6 Ra 6 10 5 and 0 6 / 6 5%. For low Re values, it is found that four separate eddies form inside the cavity for smaller Ra ( 10 3 ) values (Fig. 8(i)(a-c) ) and the fourth eddy vanishes with increase in Ra values. Upper eddy is formed because of the shear force due to the lid dragging the adjacent fluid. With the increase in Ra values the upper eddy starts moving toward the right side of the cavity due to increasing buoyancy effects from left wall. Middle eddy is formed due to the obstructing mounted heat source, fractional losses and stagnation pressure but it vanishes with the increasing values of Ra. The lower upstream eddy formed for Ra ¼ 10 3 is due to the combined buoyancy effects from the left wall and heat source, and got vanished as Ra increases. A lower downstream eddy is formed due to the opposing action of buoyancy. The heat transfer effects are mostly via convection in the boundary layers. The buoyancy effects are significant only near the cavity wall and core of the cavity is isothermal. With increase in Ra values, the lower downstream eddy gets enlarged and is divided into two parts due to the presence of secondary heat source along the middle of the right wall. It can be observed that the solid volume fraction does not have effect on the flow pattern but on the stream function values, the flow intensity is augmented by increasing solid volume fraction. The stream function value at the center of the cavity gets from À0.0698 to À0.0669 at Ra ¼ 10 3 for a 5% increase in solid volume fraction. Also, for smaller Ra values in Fig. 8(i)(a-c) the primary eddy adheres to the walls of the cavity, but moves away with the increasing values of Ra as shown in Fig. 8(i)(g-i) , which shows that intensity on buoyancy and hence of the natural convection increases with Ra. From Fig. 8(i) , it is found that the value of stream function is large at higher values of Ra as compared to lower Ra values. It is also found that due to increment of solid volume fraction the stream function values increase. From Figs. 9(i) and 10(i), it can be predicted that increase in Re results in significant change in the flow structure, i.e., the enlargement of lower upwind eddy and subsequently contraction of lower downstream eddy. Together with this all the four eddies can be seen with increasing Ra values. But at larger Re values with larger Ra the lower downstream eddy contracts and upper eddy expands toward lower right part of cavity. We found a significant change of streamline values with increasing solid volume fraction ratio.
The heat transfer effect for second case has been presented in Figs. 8(ii), 9 (ii) and 10(ii) for Re = 10, 50 and 100 respectively. The heat transfer for this case is due to conduction as well as convection which results in a gradual variation of temperature in the cavity. Since we have placed heat source on the right wall the fluid particles move away from heat source but at the same time the opposite wall is also hot because of which the opposing buoyancy effect takes place and the heat transfer rate increases in the whole domain. For increasing Re values, the isotherm lines become more and more parallel to the heat source. This is due to the combined effect of buoyancy and shear force due to sliding top lid. The isotherm values increase significantly with the increase in Ra values as well as with increase in solid volume fraction.
The variation of average Nusselt number against the Reynolds number (10 6 Re 6 100), Rayleigh number (ii) Figure 8 Solid volume fraction and Rayleigh number effects for Re = 10 (Case-II) (i) streamline and (ii) isotherms.
(10 3 6 Ra 6 10 5 ) and solid volume fraction (0 6 / 6 5%) along the left vertical wall is displayed in Fig. 11 for both Case-I and Case-II. In comparison with pure fluid, use of nanofluid increases the flow intensity, gives rise to the heat transfer and hence increases average Nusselt number 11(a).
The increase of Re within the cavity i.e., velocity is increased in the moving lid leads to a forced convection dominated flow which results in increment of average Nusselt number. For all Ra values, the increase in average Nusselt number seems to be linear and smooth. Increasing the value of Ra increases the (ii) Figure 9 Solid volume fraction and Rayleigh number effects for Re = 50 (Case-II) (i) streamline and (ii) isotherms. (ii) Figure 10 Solid volume fraction and Rayleigh number effects for Re = 100 (Case-II) (i) streamline and (ii) isotherms.
average Nusselt number sharply. But increase in volume fraction values has a large impact on the heat transfer enhancement. For a particular Rayleigh number (10 4 ) if the volume fraction values are increasing (3-5%), the rate of heat transfer increases even if the Rayleigh number is larger in that particular volume fraction value (Ra ¼ 10 5 ; / ¼ 3%). The change of volume fraction values is responsible for the heat exchange between the system and nanoparticles.
The average Nusselt number for Case-II is displayed in Fig. 11(b) . In this case the average heat transfer rate is decreasing when the Ra value is increasing at low Re values. Except for the value of Ra ¼ 10 5 , the increase is linear. For higher Re (Re = 100) it is found that the highest average heat transfer is found for Ra ¼ 10 4 . The variation of average Nusselt number against volume fraction is not significant for lower Ra values. For Ra ¼ 10 5 ; Re ! 50, the average Nusselt number variation is found to be minimum. From both the cases it can be observed that higher values of heat transfer rate occurred in Case-I compared to Case-II. The use of heat source in Case-I instead of Case-II causes a greater increase in average Nusselt number such that the relative increase is 79.5% at Ra ¼ 10 5 ; Re ¼ 10 and / = 5% and 40.3% at Ra ¼ 10 5 ; Ra ¼ 100 and / = 5%. Fig. 12 represents the bulk average nanofluid temperature for Case-I and Case-II. The bulk average variation is shown against the Re. It is observed from the figure that bulk average temperature is going down when Re increases in both the cases. For all pertinent parameters Case-II represents higher bulk average temperature than Case-I. It can be clearly observed that bulk average temperature increases with increase in solid volume fraction. The profiles are sharp but not smooth. For both these cases at higher Ra values with Re ! 50 the solid volume fraction shows negative impact on the heat transfer rate.
Conclusion
This paper presents a numerical study of mixed convection flows of copper-water nanofluid in a lid driven cavity in which a heat source is mounted on a vertical wall of cavity. The mounted heat source is firstly kept on the left (hot) vertical wall and then to the right (cold) vertical wall. The left vertical wall is kept at higher temperature compared to right vertical wall and the other two horizontal walls are kept insulated. The investigation has been accomplished for the size of copper nanoparticles equal to 100 nm and for a wide range of Re and Ra with different values of solid volume concentration. In this study the effect of Re; Ra and / on the flow pattern and heat characteristics are investigated. Based on the present results it is observed that for fixed value of Ra, the flow is dominated by the convection effects where the buoyancy-induced activities are appreciable and fluid is well mixed and temperature is well distributed in the bulk of cavity for low Re values. Under concurring thermal buoyancy forces along with the forced buoyancy effects (i.e. when Re increases), stablystratified region becomes wider along the lower part of the cavity and the vertical temperature gradients are increased. Heat conductivity is lesser when the heat source is mounted on left side as compared to the right side. For a fixed Re, the solid volume fraction and Rayleigh number have a positive effect on heat transfer enhancement. Moreover, thermal conductivity increases with increasing Rayleigh number. The average Nusselt number is increasing with increase in Ra; Re and / for both these cases but Case-I shows higher heat transfer rate. Also, the effect of increasing solid volume fraction is large in Case-I as compared to Case-II. In case-II, the solid volume fraction has a noticeable effect only for the larger Re and Ra values. The bulk average temperature is decreasing with increase in Re, and the bulk average temperature is higher in Case-II as compared to Case-I for all the considered parameters. The further extension of this work will be considered for larger size of nanoparticles or greater solid volume fraction as discussed by some of the recent studies [17, 18] using two phase model for the better understanding of heat transfer in nanofluid flow in the presence of Brownian motion and thermophoresis effects. The effects of opaque wall and porosity will also be studied using different heat sources.
